The greater market orientation of European dairy production, caused by the end of quota regime, is likely to have consequences on less favoured areas, where breeding of dairy cattle plays both a crucial socio-economic and environmental role. Within this new framework, endogenous factors determining spatial reorganisation of the sector are becoming of increasing relevance. Based on these considerations, this study analyses the impact of the three broader classes of location determinants suggested by economic theory -factor endowment, market potential, and spatial agglomeration externalities -on the spatial pattern of milk production in Molise, a rural region in the south of Italy. Milk production is measured in term of dairy cows per hectare. The truncated distribution of this variable and its high degree of spatial autocorrelation prompted us to apply a Spatial Autoregressive Tobit model. Estimation results reveal that all three categories have a positive effect on the location of milk production, even if the influence of factor endowment (intended as forage area), and market potential (measured in term of proximity of dairy companies) is quite limited. On the contrary, the impact of spatial externalities (related variety) on the regional localisation of milk production is strongly significant. These results cast some doubts on the current measures of intervention and might suggest a new policy framework both at firm and spatial level.
Introduction
Since the end of milk quota regime in 2015, the European dairy sector has experienced a substantial market orientation. This process is expected to exacerbate the intense reorganisation of the production system within this sector observed during the last decade, which 731/849 was mainly driven by economies of scale and productivity growth. 4 The subsequent ongoing "industrialisation" of livestock production (Thornton, 2010 ) is expected to have asymmetric consequences across regions. In particular, this process might harm peripheral regions in Europe, where dairy farming differs from the typical high input/output system (CEAS 2000) characterising the industrialised model. In other words, a more market-oriented system will most probably quicken the spatial reorganisation of dairy production in Europe to the detriment of less-favoured areas.
The European Union (EU) is aware of these problems. It is well known that, before the end of milk quotas, the EU adopted the so-called "Milk Package", a set of measures designed to boost the position of dairy producers (written contracts, negotiation via producers' organisations, regulation of supply for PDO/PGI, rules for inter-branch organisations, transparency and information). In the same Regulation (No 1308/2013), it was established (art 225) that the Commission must report to the Council and to the European Parliament on the development of the market situation, "assessing in particular the effects on milk producers and milk production in disadvantaged regions in connection with the general objective of maintaining production in such regions". Contemporaneously, the European Parliament adopted a resolution on maintaining milk production in mountainous and disadvantaged areas, especially where "the local community depends heavily on the dairy sector". To avoid depopulation of these areas, the European Parliament conveniently recommended using the first and second pillar of the CAP (e.g. grazing premium and specific rural development program for milk production) 5 .
Without prejudice of these recommendations and leaving aside if and how they have been followed, it is worth noting that in such a "new" phase, endogenous factors (such as market dynamics and factors' endowments) may play a greater role in the aforementioned spatial reorganisation. Therefore, to develop effective intervention measures, it becomes relevant to conduct an in-depth analysis of the determinants of the current spatial pattern in dairy farming. In other words, to understand these determinants, it can be important for adjusting interventions in those less-favoured areas where the sector plays a crucial role in the rural system.
Only in the most recent literature has the spatial evolution of dairy farming been considered to be an important research topic. There is indeed a heated debate about the key factors affecting this evolution. The present paper aims to contribute to this debate by providing an empirical analysis of the spatial determinants of milk production in Molise, a rural region in Southern Italy. We measured milk production using census data (cow inventory) for 2010 at a municipality level. Our response variable was the number of dairy cows per hectare in the municipality, a censored variable, characterised by the presence of zero values. Moreover, the spatial analysis of this variable reveals that the dairy cow inventory (and, as a result, milk production) tends to be more concentrated in two areas of the Molise region.
Such a spatial pattern can be explained by several factors. In particular, following a comprehensive theoretical framework, factor endowment, market access and agglomeration economies (localisation and urbanisation externalities) are considered as key drivers of the location of dairy milk farms. Following Roe et al. (2002) , Isik (2004) , and Larue et al. (2007), we used the spatial lag of the dependent variable as a proxy for localisation economies. Thus, we tested our hypotheses using spatial econometric techniques that are commonly adopted for analysing the diffusion of agricultural activities (Bichler et al., 2005; Läpple and Kelley, 2013; 4 This reorganisation of the production system has occurred both in Europe and in the USA, but in different ways. In the USA, the number of dairy farms in the last few decades has declined remarkably, the herd size has grown, and large farms have emerged (MacDonald, et al. 2007 ). In Europe, the level of milk production has remained stable due to the "quota regime", but the number of cows has significantly decreased. Such increase in milk yields has been due to many factors, such as genetic improvement, breeding techniques, optimised diets, better milking methods (Forti et al. 2016 ). 5 Furthermore, the European Milk Market Observatory has discussed how to manage the consequences of marketorientation for milk production in disadvantaged regions, considering several topics (mapping of high risk areas/regions and farming systems, introduction of coupled payments, strengthening regional economic resilience, etc.). In the last Report to the European Parliament and the Council (COM(2014) 354 final), the Commission underlines the potential of the new measure for cooperation of Rural Development Programs (support the development of new products and practices, short supply chains and local markets, cooperation of small operators in organising joint work processes and sharing facilities).
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Wollni and Andersson, 2014). Specifically, given the characteristics of the response variable, we used a Spatial Autoregressive Tobit model (LeSage and Page, 2009; Qu and Lee, 2013). The approach followed has enabled measurement of the influence of factors considered and to identify their role at firm, area and policy level.
The remainder of the paper is structured as follows. The next section contains a brief review of the related literature, while in section 3 we described the theoretical framework that we used to approach the uneven spatial distribution of milk production. In section 4, we described some relevant characteristics of the Molise region and, in section 5, the spatial pattern of dairy farming. The specification of the econometric model is explained in section 6 and the econometric results are shown in section 7. In section 8, we discussed findings and drew conclusions 6 .
Related literature
Recently, several scholars have analysed the determinants of the spatial organisation of dairy production in different countries. In a review of this literature, Wieck and Mosnier (2010) reported the main evidence from nineteen studies, which investigated the factors ascribable to comparative advantages of dairy farms and to the spatial organisation of dairy industry. Wieck and Mosnier concluded that land characteristics, sunk costs linked to investments in buildings and equipment, and shared infrastructures represent the most relevant factors to be considered from an empirical point of view.
Some of the studies that were considered turned out to be particularly relevant as background for the present study. For example, Peterson (2002) , studying the geographic changes of dairy production and marketing in the USA, found a significant influence of the number of dairy plants in proximity to the farm location. In addition, in the case of the USA, Isik (2004) found positive spatial agglomeration effects in the case of dairy cow inventories, but noted that changes in production tended to negatively affect neighbouring counties.
Ben Arfa et al. (2009) analysed the spatial structure of the French dairy sector. They underlined that long-run evolution (decline in the number of farms, increase in dairy cows per farm, increase in milk yield per cow) involve spatial "redistribution", in favour of regions in plain (but with pollution problems), and problems for traditional dairy regions (loss of competitiveness, social desertification, environmental problems). They highlighted that a certain number of factors -such as milk plants and feed plants affected the number of dairy farms per department. Zimmerman and Heckelei (2012) confirmed the relevance of key factors suggested in the literature, in particular economies of scale, path dependency, and milk price, even if the direction of their impact is sometimes ambiguous.
Wieck and Mosnier (2011) used spatial econometric models to analyse correlations between farms, local dairy sector, and local socioeconomic characteristics with the underlying evolution of regional dairy production within some EU countries.
As a final consideration, all the above-mentioned studies adopted large-scale spatial units (county, department, and region in the strictest sense) for the empirical analysis. The only study using a small-scale spatial unit (i.e. the municipality) focused on the spatial distribution of pig production (Larue et al., 2007) .
Conceptual framework
The literature reported above ultimately identify as key determinants of industrial location in the dairy sector, some factors which can be ascribed to one of the three broad classes of determinants suggested in the economic theory, i.e. comparative advantages, market access and other forms of agglomeration economies.
On the one hand, according to the neoclassical international trade theory, regional differences in factor endowments mainly contribute to determining local comparative advantages and, 733/849 therefore, regional specialisation and concentration. In our specific analysis, access to cheap local feed production may help explain a higher concentration of dairy production in some areas than in others.
On the other hand, the New Economic Geography (NEG) theory suggests that an uneven spatial distribution of market access encourages firms to concentrate in places with higher market potential, to benefit from increasing returns, and to export goods and services to other regions. 7 The location of milk production may be affected by market accessibility, that is dairy farms may tend to be located close to their outlet markets, that is close to dairy companies.
The uneven distribution of milk production can also be explained by other positive spatial agglomeration externalities, which are benefits that firms derive from being located close to other economic actors (Neffke et al., 2011) . It is customary to distinguish between localisation and urbanisation economies (Glaeser et 8 Using a well-known categorisation that can be traced back to the work of Marshall, location economies may derive from within-sector pecuniary (static) and non-pecuniary (dynamic) externalities. The former refer to cost reductions derived from a specialised labour market pooling (matching between employers and employees) and from the sharing of intermediate inputs, while dynamic externalities refer to local knowledge spillovers (technological learning) (Duranton and Puga, 2004) . Positive spatial externalities in milk production mean that the performance of one dairy farm improves when other dairy farms are located nearby. Such results may arise from access to input services (for example insemination, feeding and veterinary services), from diffusion of information and knowledge through producer organisations and farmer advisors, and from the pooling of skilled workers for dairy farms.
Urbanisation economies derive from the existence of a large variety of industries in the local economy (Jacobs, 1969) . A diverse industry structure increases the chances of interaction, generation, replication, modification and recombination of ideas and applications across different sectors (between-sectors knowledge spillovers; see Duranton and Puga, 2001 , for a formal treatment of this mechanism). In our analysis, this means that the performance of a dairy farm improves when other firms (belonging to other sectors) are located nearby. However, as suggested by Frenken et al. (2007) , knowledge spillovers between sectors are best captured by the notion of "related variety". According to Boschma (2005) , Boshma and Wenting (2007), Boschma and Frenken (2011) , and Boschma and Iammarino (2009), indeed, between-sector externalities are more likely to occur if the cognitive distances between the economic agents involved is neither too large to ensure effective learning, nor too small to allow different types of knowledge to be learned. In our analysis, this means that dairy farms may be attracted by the variety of farms (beef farms, sheep breeding and so forth) located nearby 9 .
Milk production in Molise: some stylised facts
We analysed the spatial distribution of milk production in Molise, a small region of Italy (Figure 1 ), whose orographic profile is largely mountainous 10 . Its population is fairly small (about 300,000 people) and apart from three small cities (Campobasso, Isernia and Termoli) -it is dispersed over the territory 11 . According to the EU typology, Molise can be classified as a "Predominantly Rural" region. 7 These centripetal forces tend to contrast market competition (or centrifugal) forces arising from the concentration of firms and inducing both lower local market prices and higher local factor prices. 8 Localisation economies apply to industry-specific external economies of scale, which means that there are positive externalities when a firm from a particular industry locates close to other firms from the same industry. Urbanisation economies refer to inter-industry external economies of scale, which means that there are positive externalities when a firm from a particular industry locates close to firms from other technologically related or unrelated industries. 9 It must be considered that in certain areas beef breeding can be carried out together with milk breading, in extensive holding conditions. 10 Only on the coast this profile appears more regular (the so called "Basso Molise"), but flat areas are very limited. 11 Population density is about 70 inhabitants/km 2 .
734/849 Income per capita is lower than the Italian average, but higher than the near less developed regions of Southern Italy. Consequently, for the purposes of the European Regional Policy, Molise as a whole is classified as a "Transition region" (that is a region whose GDP per inhabitant is between 75% and 90% of the EU-27 average). However, excluding coastal areas and the three main towns, a large part of the territory is made up of "less favoured areas", characterised by depopulation and by population ageing. Compared to the Italian average, the regional economy shows a considerable labour productivity gap, and is characterised by a high share of agricultural employment on total employment.
From the historical point of view, the predominant agricultural activities (wheat, olive trees, beef breeding, breeding of dairy cattle) have influenced the present composition of the manufacturing industry, still characterised by the preeminent role of food products, such as pasta, olive oil, meat, and cheese. Nevertheless, in the last few decades, new sectors have emerged, in large part not ascribable to agricultural traditions, also in the food industry (Bagarani and Belliggiano, 1997). In the same period, agriculture has witnessed a complex reorganisation -in part linked to CAP evolution (Fasolino and Ievoli, 1997) that for a long period encouraged the spread of durum wheat, which has led to a redefinition of land use and product specialisation. In the last few years, in fact, the value of livestock production has overtaken the value of that of vegetable crops (Bagarani et al., 2014; Paladino and Scardera 2013) . This was mainly caused by the spread of poultry farming, characterised by an industrialised model of breeding linked to "external" value chains, in which the link with local feed is very scarce.
Dairy farming represents an activity historically located in the above mentioned less favoured areas of Molise, where breeding was practised through grazing, and where the (often excellent) milk obtained was processed, often at the same farm, into very high-quality (typical) cheese, that can be considered part of the cultural heritage of these areas. In the last few decades, Molise has shown a decline in the number of dairy farms (from 5,887 in 1982 to 1,332 in 2010). After a significant growth in the 1980's, the number of cows declined as well, to about 16,000 in 2010.
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These trends reflect the difficulties faced by the dairy sector in Molise 13 , difficulties that, almost certainly, do not derive from the market performance of final goods made by dairy factories located in Molise. In fact, measured in "milk equivalent" 14 , the production of the regional dairy industry (mainly cheese) is significantly higher than can be achieved using only milk from 735/849 the region. In other words, the current dairy sector in Molise expresses a need for raw milk for a large part met by imported flows (more than 36 million Euros in the last few years, in large part from Germany). On the other hand, the recourse to importing signals the difficulties the local dairy farming sector have experienced in satisfying the above-mentioned requirements both in costs and in security of the supply profile.
The spatial pattern
The difficulties of dairy farming in Molise must be analysed considering the spatial characteristics of the sector, in particular its location in mountainous areas. Figure 2 shows the spatial reorganisation process of dairy farming in Molise from 1982 to 2010, considering all 136 municipalities. As we can observe, the reported growth of the 1980's seems to have strengthened the spatial spreading of dairy farming expressed in terms of density of cows. Indeed, looking at the map for the year 1990, we can distinguish a large "dark" zone of quasi-contiguous municipalities that goes from North-West -the mountainous area called "Alto Molise" -to the inland territory situated in the Southeast, at the foothills of the mountain chain of Matese. In the same year, municipalities without the presence of milk cows, "zeros", were very limited, almost sporadic.
The map for the year 2010 displays a very different spatial pattern. The number of zeros has tripled, in particular on the coast side (Basso Molise), but also in Alto Molise. More than a contiguous zone, in 2010 we can observe a "conglomerate" (a pole) in Alto Molise, and a persistent area in the Southeast. In other words, we observed a sort of "drying" of the previous milk farming area, but this was not counterbalanced by a relocation of milk farming in other (more favourable) areas of the region. Structural change in Molise appears mainly as a process of "shutdown" of several municipalities and of restructuring within the focus area. 
Modelling the spatial structure of milk production: a SAR Tobit model
As shown above, the distribution of our dependent variable is characterised by a number of zero observations (in 39 out of 136 municipalities, the number of dairy cows reported by the census is zero). These represent censored values, which result in a truncated distribution of the dependent variable observations (Figure 3 ). We argue that these censored values represent municipalities where the utility (profit) associated with raising dairy cows is negative. We must consider this feature in modeling the dependent variable.
Fig 3. Number of milk cows per hectare in the municipalities of Molise. Year: 2010
In modeling dairy milk production, we must also consider that the density of dairy cows is characterised by a strong positive spatial autocorrelation: municipalities located nearby have similar numbers of dairy cows. This stylised fact is consistent with our theoretical assumption on the role of localisation economies (within-sector externalities).
Taking into account all these features of the distribution of the dependent variable, we will model it by using a Tobit model with Spatial Autoregressive interactions. Let , an nn  matrix whose elements are all non-negative, represent the direct interactions between the municipalities. We will use a binary n W matrix, so that if there is a direct interaction between local unit i and j , then Lee (2014) discuss the conditions for the coherency of this model. We use the SAR Tobit procedure described in their paper to estimate it, using software R.
As mentioned above, the dependent variable, As argued in section (3), the geographical distribution of demand is an important explanatory variable of industrial concentration. Thus, empirical analyses of industrial concentration should include a measure of market size or market potential. Nevertheless, this empirical approach is problematic. The key idea of economic geography is indeed that the location of demand is jointly determined by the location of production. This means that the relationship between the geographical concentration of production and the geographical concentration of demand may be characterised by reverse causality. In order to avoid or reduce the consequent endogeneity bias in the estimation of the effect of market size, empirical studies often use instrumental variable approaches. In our case, however, this solution is problematic because there is no SAR Tobit model able to control for endogeneity bias. Thus, we used "sufficiently" lagged values of market potential in order to alleviate the problem, that is we adopted data on the number of employees in dairy companies from the 2000 agriculture census. 15 As mentioned in Section 3, the availability of (fertile) land shapes comparative advantages in dairy production. However, we do not need to include a proxy for this production factor in vector n X , because the dependent variable is normalised by the utilised agricultural area (SAU).
739/849 Table 2 provides basic descriptive statistics of these explanatory variables, Table 3 shows correlation values between the same variables, while Figure 4 (panels C-D) highlights their spatial distribution. As for market potential, it is possible to distinguish two "specialised" areas in Alto Molise and in the Southeast. 16 The local feed production appears localised around the two focused areas reported above. Finally, related variety is concentrated in Alto Molise, where bovine breeding systems are traditionally a little less "industrialised" and specialised. 16 Must be noted that there is also a "pole" towards Basso Molise.
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Estimation results
An initial evaluation of the results obtained can be made, from a statistical point of view, comparing outcomes attained via the SAR Tobit model with those obtained utilising other "applicable" statistical models. Very briefly, it should be recalled that the information utilised is constituted by censored spatial data. Because of the non-random distribution of these data (as indicated by the descriptive analysis reported above), standard requirements for "conventional" regression cannot be effective, in particular for what concerns the independence hypothesis. In general, SAR models are used to overcome these problems and to produce consistent estimates. With regard to the censoring problem, to go beyond well-known problems of "standard" regression, the Tobit model is generally utilised. In general, to deal with these issues the SAR Tobit model seems to provide the best solution.
In Table 4 , we compare the results of four competing models: the standard linear OLS model, the linear SAR model, the standard Tobit model, and the SAR Tobit. It clearly emerges that the SAR Tobit model outperforms all the others in terms of statistical plausibility (the log-likelihood is higher), and model fitting (the AIC index is lower). Focusing on the results of the SAR Tobit model, all beta parameters turned out to be statistically significant, but they cannot be interpreted as marginal effects. Like any SAR model, the Tobit SAR model also allows for interdependence among spatial units and corresponds to a long-run equilibrium relation between the response variable and its covariates. The spatial multiplier matrix,
, in the reduced form of any SAR model premultiplies both observed and unobserved factors: the outcome in a location i will not only be affected by the exogenous characteristics of i, but also by those in any other location j through the inverse spatial transformation. The impact therefore is global. The powers of  matching the powers of n W (higher orders of neighbors) ensure that a distance decay effect is present.
Thus, it is customary to distinguish between direct, indirect and total spatial effects. Direct effects measure the impact of a change in regressor .39) suggested simulating the distribution of the direct and indirect effects using the variancecovariance matrix implied by the ML estimates. Efficient simulation approaches can be used to produce an empirical distribution of all the parameters that are needed to calculate the scalar summary measures. This distribution can be constructed using a large number of simulated parameters drawn from the multivariate distribution of the parameters implied by the ML estimates.
Marginal effects of the SAR Tobit model are reported in Table 5 and compared with those obtained with the Linear SAR model. The latter seems to overrate market potential and local feed effects and underestimate the effects of related variety. Considering the SAR Tobit model, we first observed that the indirect effect of market potential is not significant. However, it is misleading to interpret this result as absence of spatial spillover effects, because the market potential variable itself is designed in a way as to take account of surrounding effects. The direct and the total effects of market potential instead appeared significant: a 1% increase in this variable had an impact on the dependent variable of about 0.254%. An analogous situation characterises the variable local feed production. Neighbourhood influences are not significant, and direct effects are rather circumscribed. However, in this case we properly interpreted this result as weak or negligible spatial spillover effects. The estimated total effect is 0.292 with a significant level just above 90%.
Finally, the situation concerning the related variety appears quite different. In this case, average indirect effects are strongly significant, with a value of 0.639. Direct effects are quite considerable (1.204). Related variety, as a whole, has a marginal effect of 1.843.
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Discussion and conclusions
The location of dairy milk production in Molise has shown significant changes over the last thirty years, with an increase of spatial concentration in favour of marginal areas. 17 The estimation results of a SAR Tobit model suggest that all three categories of factors considered in the literature have played a significant role in affecting this spatial pattern even though with different intensities.
On the one hand, local feed and market potential played a limited influence. The forage area in neighbouring districts does not affect indeed the numbers of dairy cows at municipality level. This probably can be related to the limited market of forage, whose production remains largely close to dairy farm "gates". 18 Moreover, the limited influence of market potential is very likely due to the characteristics of the regional dairy products which are mainly an expression of agricultural traditions.
On the other hand, the impact of related variety seems to be rather high: the presence of other (mainly bovine) breeding farms -both in the same municipality and in adjacent areas -turns out to be a key factor in explaining the agglomeration of dairy farming in Molise. The spatial proximity to "similar" animal production activities is indeed an essential factor of knowledge for milk producers. In other words, the related variety (i.e. agglomeration economies between closely related activities) is an important factor of localisation in this sector, similar to other industries reported in the literature (Boschma and Wenting, 2007) .
In short, the empirical results suggest that the presence of dairy farms in less favoured areas is more correlated to the existence of closely related activities and to synergic with other similar types of breeding than to target markets. In this regard, the estimated model captures the spatial linkages and this seems relevant from a spatial perspective. In other words, problems of breeding of dairy cattle in peripheral areas appear connected both to geographical disadvantages and to depletion of nearby breeding activities as a whole. This can be a useful element for planning interventions, not only for Molise region, but also for similar marginal areas.
Our results may also have some relevance from a policy point of view. As pointed out above, current policies, grounded on an institutional approach, try to boost dairy farming using a set of measures focused on market regulation (contracts, etc.). The relatively weak role of market potential estimated with our model may cast some doubts on the validity of this policy framework.
An alternative policy approach could be based on two main strategies consistent with the previous interpretations. The first consists of sustaining breeding diversification by exploiting local traditions 19 . The second consists of supporting specific innovation processes, capable of raising productivity and keeping costs down without sacrificing the quality of the milk 20 .
As a final consideration, it is worth pointing out that our empirical results are conditional on an information set referred to the transition period from milk quotas to market orientation, and we cannot assume that all the adjustments to this important institutional shock have already taken place. It is therefore important to monitor the spatial evolution of the phenomenon under consideration in future studies. 17 If centrifugal forces have worked, their effects can have interested areas outside the borders of Molise, also very distant from them. 18 Obviously also in Molise there is a more developed market of concentrated feeding stuffs necessary to complement cattle diets. 19 This could mean, for example, helping farmers to promote productions obtained taking cattle to pasture, benefiting from the "Transhumance path route" (Tratturi) reputation, utilising also local breeds of sheep and goats. This could also concern the construction of tourism-related activities based on the transhumance experiences. 20 These strategies can be pursued, at least in part, through the II pillar of CAP as suggested by the European Parliament.
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